Abstract Nonmelanoma skin cancers occur at an epidemic rate in many parts of the world. With an aging population, more patients will develop these cancers and at an ever increasing rate. While in the majority of cases local treatment is curative, a subset of the population will be diagnosed with a high-risk primary cutaneous squamous cell carcinoma. The morbidity and mortality associated with high-risk primary squamous cell carcinoma is usually a consequence of local recurrence and/or the development of metastatic nodal disease. The management of these patients requires knowledge of the role of radiation therapy, elective lymph node dissection, and sentinel lymph node biopsy, which in many cases may be lifesaving, as well as the appropriate imaging modalities to consider in these patients.
Introduction
With the global population aging, skin cancer is becoming a greater public health concern. Cutaneous squamous cell carcinoma (CSCC) is the second most common skin cancer diagnosed worldwide, with an annual incidence of greater than 750,000 CSCCs [1] in the United States alone. While overall prognosis is excellent, a small subset of tumors, which are usually on the head and neck, recur, metastasize, and cause death [2] . Tumor characteristics associated with poor outcomes include: recurrent tumors, size > 2 cm, depth (>2 mm or Clark > IV), anatomic site (ear, lip), poorly differentiated histology, perineural invasion (PNI), or lymphovascular invasion [3] [4] [5] [6] [7] . Immunosuppressed patients who develop CSCC or tumors with one or more of the above high-risk pathologic features are referred to as high-risk CSCC patients.
In the setting of high-risk CSCC, the appropriate management decision may be lifesaving. Given these patients are at high risk of recurrent disease either at the primary site or nodal basin, radiologic imaging or sentinel lymph node biopsy may help to identify patients with subclinical disease who could benefit from early and aggressive intervention. Adjuvant radiotherapy has been shown to decrease the risk of local or regional recurrence and may be considered in select high-risk CSCC patients [8] . Unfortunately, the use of these adjuvant modalities has yet to be studied effectively, which has led to a varied approach by clinicians in the utilization of these treatments.
The purpose of this review article was to discuss the management of patients with high-risk primary CSCC and provide evidence based data regarding the role of radiologic imaging and sentinel lymph node biopsy as well as current indications for radiation therapy. As noted earlier, the evidence base to support many recommendations often is weak and limited to single, retrospective, institutional case series or systematic review articles. There are no data from randomized, controlled trials.
Incompletely Excised SCC
Excision with microscopic evaluation of 100 % of surgical margins provides excellent cure rates for high-risk SCC and is the preferred approach [9] . Therefore, clinicians should strive to achieve negative pathologic margins when possible. Incompletely excised SCC often is due to inadequate assessment of pathologic margins or if the tumor is large and complete removal may result in significant morbidity. High-risk CSCC where clear surgical margins cannot be obtained (positive or close margin(s)) remain at risk of poor outcomes. Zitsch et al. reported a worse survival in patients with involved margins compared with patients with clear margins (P < 0.02) [10] . When complete surgical resection is not possible, adjuvant radiotherapy may improve outcomes [11] . Babington et al. documented a 37 % local recurrence rate in surgery only patients (27 % of which had close/positive margins) vs. a 6 % local recurrence rate in patients treated with surgery and adjuvant radiotherapy (94 % of which had close/positive margins) [12] . In an Australian study of 217 patients with early lower lip SCC (considered as a sun induced cancer), patients treated with excision + local adjuvant radiotherapy had a lower rate of locoregional relapse (9 %) than those receiving surgery alone (51 %), in the setting of close or positive margins (hazard ratio 0.36; 95 % confidence interval 0.17-0.77; P = 0.0008) [13••] . Therefore, adjuvant radiotherapy should be considered for CSCC if negative pathologic surgical margins cannot be obtained.
Recurrent CSCC
Patients with local recurrence are at a higher risk of developing regional metastases compared with patients remaining locally controlled. Rowe et al. documented a 32 % incidence of nodal metastases in the setting of recurrent lip cancer [3] . In a large prospective study of 615 German patients with CSCC treated with excision (2-10 mm excision margins), local recurrence occurred in 3 % of patients (n = 20) and of these patients, 30 % (n = 6) developed nodal metastases during the 4-year follow-up period [4] . Conversely, in the remaining 595 patients who did not develop a local recurrence, the rate of nodal metastasis was only 3 % (χ 2 = 25.2, P < 0.01). At a minimum, therefore, clinicians should achieve clear (or negative) excision margins when excising CSCC and consider reexcision surgery or adjuvant radiotherapy (see above) if this is not the case.
Perineural Invasion
Perineural invasion (PNI) is defined as invasion of tumor cells within the nerve sheath or along the length of the nerve. It is further classified into incidental or microscopic PNI (no clinical or radiographic evidence of PNI, diagnosis is based on histopathologic evidence of tumor cells invading the perineurium) and clinical PNI (positive clinical and/or radiographic evidence of PNI). Approximately 5 % of excised CSCC exhibit incidental PNI and even a smaller minority (2 % of all CSCC) will have clinical PNI. Formication (sensation of ants crawling) may herald the diagnosis of PNI [14] . However, dysesthesia, paresthesia, numbness, and pain are all suggestive symptoms. Diagnosis often is delayed, because PNI often is not suspected.
There are no clear guidelines of when to order radiologic imaging to determine the presence and extent of PNI. The NCCN guidelines recommend obtaining a MRI when large nerve involvement is suspected [15] . Even in cases where there is a high-index of suspicion, however, patients can still have normal imaging in the early phase of the disease. Jungehuelsing et al. reported on eight patients with malignant unilateral facial paralysis with initial MRI scans that failed to detect any abnormalities [16] .
MRI is considered the imaging modality of choice to detect PNI because of its multiplanar capabilities and better soft tissue definition. It is considered the most sensitive radiographic study to detect and define the extent of PNI [17] . In head and neck tumors, the sensitivity of MRI for detection of PNI was 95 %; however, it decreased to 63 % when MRI was tested to outline the entire extent of PNI [18, 19] . Improved technology using 3 Tesla MRI scanners may improve detectability, particularly in early disease when the radiographic changes may be subtle [20] . Typical radiological findings of PNI include: nerve enlargement/enhancement, foraminal enlargement/destruction, obliteration of fat planes and convexity of the lateral cavernous sinus wall [21, 22] (Fig. 1 ). MRI may be supplemented with a CT scan when there is concern for nerve involvement to the skull base, as CT scans are superior to MRI in outlining bony anatomy. A history of radiation therapy to the site may decrease the accuracy of MRI findings that are consistent with PNI and therefore imaging in post radiation therapy patients should be interpreted accordingly.
Perineural invasion is one of the most common reasons cutaneous oncologists recommend radiotherapy. It is frequently used as an adjuvant modality to improve disease free and overall survival. A large Australian study (n = 1,177) of Mohs patients with CSCC documented the presence of PNI in 6 % with over half (53 %) of these patients subsequently receiving adjuvant radiotherapy [23] . In a systematic review involving more than 2,300 patients with high-risk CSCC treated with surgery alone or surgery combined with adjuvant radiotherapy, the authors found 91 published cases of CSCC treated with surgery and adjuvant radiotherapy, of which 74 cases had PNI [24] .
Radiotherapy has the ability to widely treat at-risk volumes including the involved cranial nerve's pathway, and to include the skull base and intracranial extension back to the brainstem. The utilization of Intensity Modulated Radiotherapy (IMRT) and stereotactic radiotherapy offers a more precise and potentially less toxic treatment [25, 26] . However, the risk of late central nervous system side effects such as retinopathy and blindness can be serious, and these risks need to be balanced against the potential benefits of treatment and the consequences of recurrent PNI. In addition, the risk of subsequent cutaneous malignancy in the previously irradiated fields must be considered in younger patients.
Since not all tumors with PNI have poor outcomes and radiotherapy has significant risks, there is likely a highestrisk subset of PNI CSCC that warrant adjuvant treatment. To date, this subgroup has yet to be clearly identified. There are several published clinical scenarios where adjuvant radiotherapy may be beneficial. Solid organ transplant recipients and other immunosuppressed patients develop aggressive malignancies and therefore may be an at risk population that should be treated aggressively, even in the setting of microscopic PNI [27, 28] . Periorbital CSCC with PNI has a high risk of spreading to the orbit, which often is morbid and therefore these tumors may warrant consideration of further treatment [29] . Large caliber nerve invasion may also be a poor prognostic factor. In a retrospective study of 48 CSCC with PNI, Ross et al. found PNI of nerves ≥0.1 mm diameter were significantly associated with nodal metastasis, distant metastasis, and disease-specific death [30] . The finding of extensive PNI of multiple smaller nerves should be considered an indication for adjuvant radiotherapy (indicated in NCCN guidelines), particularly if the primary tumor is recurrent or has a mid-face location in proximity to cranial nerves V and VII [31•] .
PNI tracking down the length of a nerve to the skull base is a unique clinical scenario that may pose a challenge for the treating physician. Adjuvant radiotherapy should be strongly considered in this high-risk subgroup, but surgery may be an option as well. In an Australian study of 21 patients with clinical PNI who underwent surgery (often resecting the Gasserian ganglion), the authors reported no surgical deaths, only three complications, and a 5-year disease-specific survival of 64 %. Of note, 18 of 21 patients also received adjuvant radiotherapy [32] . Whether these patients benefit from multimodality treatment is still unclear as opposed to surgery or radiotherapy alone.
Of the published guidelines on the management of CSCC [15, [33] [34] [35] [36] , both the National Comprehensive Cancer Network (NCCN) guidelines [15] and published guidelines in the management of SCC in solid organ transplant patients [33] recommend consideration of adjuvant radiotherapy for extensive perineural invasion/inflammation or large nerve involvement. Despite these guidelines, there is still variability in the utilization of adjuvant radiotherapy for PNI amongst clinicians. In a recent survey of American Mohs surgeons, most were in favor of recommending a patient for adjuvant radiotherapy in the setting of an involved named branch of a cranial nerve (e.g., temporal branch of the facial nerve) [37] . There was lack of consensus in scenarios not involving a named nerve, with more experienced Mohs surgeons less likely to recommend adjuvant radiotherapy.
The variability in utilization of adjuvant radiotherapy is due to the limited and conflicted data proving its benefit. To date, there are no randomized trials demonstrating an improvement in disease specific or overall survival. The majority of outcome data are based on retrospective institutional case series or systematic reviews, many of which group CSCC with PNI and basal cell carcinoma with PNI and provide outcome data for the group as a whole [24, 38, 39] . These studies have found improved local control and locoregional control rates for incidental PNI (78-87 %) compared to clinical PNI (50-55 %), whether or not adjuvant radiotherapy was employed after surgery. In a systematic review of 91 published cases of CSCC with PNI, there was no difference in outcomes between cases treated with surgery alone (n = 17) and those treated with surgery plus adjuvant radiotherapy (n = 74) [24] . These studies were subject to treatment bias, in that the treating physician chose to employ adjuvant radiotherapy for an individual patient because he or she thought the patient was at high risk for poor outcomes. Therefore, it is unclear if the lack of survival benefit seen in patients with CSCC with PNI treated with adjuvant radiotherapy is due to lack of effectiveness of the radiation or if these tumors were to have poor outcomes, regardless of treatment. Large, multicenter randomized trials are needed to precisely estimate the benefits of adjuvant radiotherapy, which will ultimately identify clinical scenarios where it should be employed.
Elective Management of Lymph Nodes
Although only a minority of CSCC patients (<5 %) will develop metastatic spread to lymph nodes, the incidence may be greater than 10-15 % in a selected high-risk subgroup of patients [40] . Survival following the development of metastatic nodal disease is markedly decreased compared with patients that remain node negative. While the definition of high-risk has been agreed upon [3] [4] [5] [6] [7] , there is limited data to accurately predict the risk of nodal metastasis [4, 5, 7] , and therefore, it is unclear which risk factors, or combination of risk factors, portend the greatest risk of metastasis. An often quoted tenet is that if the risk of occult regional metastases exceeds 20 %, the patient should be considered for elective treatment of regional (first echelon) nodes. As such, clinicians typically account for the number of high risk factors (with higher numbers of risk factors portending greater risk), in conjunction with patient factors and preferences in their decision-making.
Once the decision to electively treat the lymph node basin has been made, clinicians must choose between elective nodal dissection and/or radiotherapy. In an excellent review of the literature, Martinez and Cook highlighted the lack of good quality evidence to guide clinicians on the role of elective neck dissection in patients with high risk CSCC [41] . Yoon et al. [42] reported on 38 patients with external ear CSCC treated predominantly with surgery and noted a 53 % recurrence rate with almost half metastasizing to regional lymph nodes and recommended prophylactic parotidectomy and neck dissection ± radiotherapy in patients with poor prognostic features, such as cartilage invasion, deep invasion, or poor differentiation. Vartanian et al. suggest patients with T3/T4 lip SCC are at >20 % risk of having occult spread to upper cervical lymph nodes and should undergo an elective supraomohyoid neck dissection [43] . Breuninger et al. found that desmoplastic CSCC, which is an aggressive histological variant often seen in conjunction with PNI, has a high propensity to regionally metastasize, especially with increasing tumor thickness, and therefore recommended prophylactic nodal dissection in this subgroup of CSCC [44] . However, with a lack of a proven survival benefit with elective nodal dissection, lack of prognostic models that accurately predict risk, the added cost, and potential toxicity with this approach clinicians may alternatively elect a close observation policy. If radiotherapy is chosen, 50 Gy utilizing electron or photon treatment are delivered to the draining lymph node basin over the course of 5 weeks (25 daily treatments or fractions) (Fig. 2) . Other than acute radiation dermatitis, therapy is generally well tolerated. To date, there are no studies quantifying the benefit of elective radiotherapy in high-risk CSCC in a clinically node-negative patient. In one author's experience (MJV), both modalities have similar control rates, and therefore whether surgery or radiotherapy is recommended needs to be individualized and balanced against the advantages and disadvantages of both treatments. The NCCN guidelines recommend superficial parotidectomy if the CSCC invades to the parotid fascia, which is considered a type of regional metastasis [15] .
Given the lack of a clearly defined subgroup of patients who are at highest risk for metastasis, there are no clear indications of when radiologic imaging is warranted to search for nodal metastasis. CT, ultrasound, and ultrasound-guided fine needle aspiration cytology [31•] are among the methods that have been suggested for this purpose, although no optimal approach has been standardized by clinical trials. CT/MRI scans usually add very little to the clinical examination of a node negative region (e.g., cervical neck nodes). Ultrasound is considered by some as the quickest, cheapest, and possibly most sensitive method of evaluating the lymph nodes [4] , and some studies suggest it can detect early metastasis more efficiently than palpation, CT, and/or MRI [45] . The published German guidelines for treatment of CSCC recommend ultrasonography of the draining lymph node basin for any tumor >2 mm in thickness [35] .
Sentinel Lymph Node Biopsy
An alternative to electively treating nodes at risk is to identify patients with subclinical spread to lymph nodes that Fig. 2 This patient had a recurrent CSCC which was positive at the deep surgical margin but no evidence of nodal metastasis based on imaging studies. Adjuvant radiotherapy was delivered to the primary site (red line) as well as the preauricular (parotid) nodes. The entire treatment field is outlined in black may in turn allow appropriate regional treatment. The concept of sentinel lymph node biopsy (SLNB) has evolved in other malignancies, such as melanoma and breast cancer, to identify patients with occult spread to first echelon lymph nodes, and there is emerging data that SLNB also may have a role in high risk patients with CSCC, although the evidence to support this is relatively sparse [46] [47] [48] [49] . Wagner et al. reported on 24 patients with high risk NMSC (n = 17 with SCC) undergoing SLNB. Seven (29 %) had a positive sentinel node with only one false-positive. The negative predictive value was 0.94 [40] . In another series of nine patients with high-risk CSCC four of nine (44 %) were positive on SLNB with subsequently two dying of metastatic disease. The five with a negative SLNB remained disease free although the median follow-up of 8 months was short [47] . In a recent review of the literature, 130 cases were identified of patients undergoing SLNB for CSCC [49] . The authors report a 10 % rate of a positive SLNB for CSCC located on the head and neck and appropriately suggested that more research is required to further clarify the role of SLNB in CSCC. Identifying patients who would benefit from SLNB in view of the extra surgery and cost is unclear. The NCCN guidelines recommend consideration of sentinel lymph node mapping in certain high-risk lesions but acknowledge that the benefit of this technique has yet to be proven [15] .
Metastatic SCC to Lymph Nodes
Patients with regional metastases from head and neck CSCC are at the highest risk of a poor outcome, because they already have metastatic cancer, as opposed to merely being "at risk" of developing it. Most regional metastases involve head and neck lymph nodes and can be broadly separated into parotid (preauricular and tail of parotid) and cervical (levels I-V) lymph nodes, because these represent the first echelon nodes from primary cutaneous sites on the scalp, forehead, face, lip, ear, and neck [50] . The parotid lymph nodes drain the lymphatic vessels from much of the ipsilateral scalp, temple, forehead, ear, and preauricular face. In Australia, the most frequent parotid malignancy is metastatic CSCC. Although most patients are invariably found to have a past history of skin cancer, approximately 20 % of such patients do not have an obviously identified index lesion that fulfills the criteria for a high-risk CSCC [51] . However, nearly all of these patients will have significant dermatoheliosis on clinical exam.
There is evidence that patients treated with a combined approach incorporating surgery and adjuvant radiotherapy achieve a marked improvement in locoregional control and outcome. In a study of 74 Australian patients with metastatic CSCC to cervical nodes (nonparotid) those undergoing surgery and adjuvant radiotherapy had a lower recurrence rate (15 % vs. 77 %) and significantly better 3-year disease-free survival (70 % vs. 45 %; P = 0.02) compared with those treated with surgery alone [52] . In the most recent analysis of the Westmead hospital data of 122 patients with metastatic CSCC to cervical nodes of the head and neck, patients had a markedly improved outcome if they received combined treatment as opposed to surgery alone. Patients who underwent surgery and adjuvant radiotherapy had a 5-year overall survival of 66 % compared with 27 % for patients who underwent surgery alone (P = 0.003) [53] . Current best practice for the majority of patients with operable metastatic nodal SCC of the head and neck is surgery and adjuvant radiotherapy.
Conclusions
Patients with high-risk CSCC are at risk for local recurrence and metastatic disease and employing the appropriate management strategies may decrease morbidity and mortality. Although there is a lack of high-quality data to guide clinicians, any primary tumor with greater than a 20 % risk of developing nodal metastasis should be considered for adjuvant radiotherapy, elective lymph node dissection, or SLNB, as well as further imaging to search for regional metastasis. Clinical scenarios where adjuvant radiotherapy may be beneficial include cases with close/positive surgical margins, recurrent disease, and PNI, but at this time, clinicians will need to use their clinical judgment regarding the indications for its use given the limited available evidence based data. Research is currently being performed to identify these highest-risk tumors, so that these adjuvant treatments can be better studied and appropriate evidence-based guidelines can be developed. Patients with metastatic SCC to the lymph nodes should be promptly referred for both surgery and adjuvant radiotherapy, because multiple studies demonstrate improved survival with combination therapy.
